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(57) Abstract 

An apparatus for automatically testing an infusion pump (16) is provided with a pump tester (12) adapted to be coupled to an infusion 
pump ( 1 6) for performing a plurality of tests on the pump. The pump tester ( 1 2) includes means (3 1 0, 320, 330, 340 or 350) for performing 
a first type of test on the pump (16) and means (310, 320, 330, 340 or 350) for performing a second type of test on the pump (16). The 
testing apparatus has means for automatically causing the infusion pump to undergo an operation sequence in which the infusion pump 
(16) pumps liquid during the performance of at least one of the tests. Where the normal operation of the infusion pump (16) is controlled 
by an infusion pump input device (110) which is capable of generating a plurality of electronic signals in response to manual activation of 
the input device (110) by a user, the means for automatically causing the infusion pump to undergo operation during testing may include 
means for generating a plurality of testing commands, each of which emulates one of the electronic signals which the infusion pump input 
device (1 10) is capable of generating, and means for transmitting the testing commands to the infusion pump (16). 
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AUTOMATIC INFUSION PUMP TESTER 



Rarkaround of the Invention 
The invention is directed to an automatic infusion pump 
testing apparatus for performing a number of tests on an 
infusion pump to determine whether the pump is operating 
correctly . 

An infusion pump is used to automatically administer 
liquid medicant to a patient. The liquid medicant is supplied 
from a source of medicant and pumped into the patient via a 
catheter or other injection device. The manner in which the 
liquid is infused is controlled by the infusion pump, which may 
have various modes of infusion, such as a continuous mode in 
which the liquid medicant is continuously infused at a constant 
rate, or a ramp mode in which the rate of infusion gradually 
increases, then remains constant, and then gradually decreases. 

Infusion pumps must be periodically tested to determine 
whether they are functioning properly. Typically an infusion 
pump is tested by connecting the pump to some type of testing 
apparatus and then manually causing the pump to operate by 
pumping liquid. The pump operation is typically initiated by 
a test operator by manually activating an input device, such 
as a keypad, associated with the infusion pump. The need to 
have a test operator present during the test procedure to 
manually operate the infusion pump increases the cost of 
testing infusion pumps, particularly where a relatively large 
number are tested, and the work performed by a test operator 
is tedious . 

summary of the Invention 
The invention is directed to an apparatus for 
automatically testing an infusion pump. The testing apparatus 
has a pump tester adapted to be coupled to an infusion pump for 
performing a plurality of tests on the pump. The pump tester 
includes means for performing a first type of test on the pump 
and means for performing a second type of test on the pump. 
The testing apparatus has means for automatically causing the 



WO 97/25083 



PCT/US96/20253 



- 2 - 

infusion pump to undergo an operation sequence in which the 
infusion pump pumps liquid during the performance of at least 
one of the tests. 

Where the normal operation of the infusion pump is 
5 controlled by an infusion pump input device which is capable 
of generating a plurality of electronic signals in response to 
manual activation of the input device by a user, the means for 
automatically causing the infusion pump to undergo operation 
during testing may include means for generating a plurality of 

10 testing commands, each of which emulates one of the electronic 
signals which the infusion pump input device is capable of 
generating, and means for transmitting the testing commands to 
the infusion pump. 

The pump tester may include means for performing a volume 

15 accuracy test on the infusion pump, means for performing an 
upstream occlusion test on the infusion pump, and means for 
performing a downstream occlusion test on the infusion pump. 

The means for performing the volume accuracy test may have 
a liquid container into which a quantity of liquid is pumped 

20 during the operation sequence of the infusion pump and means 
for determining the volume of the quantity of liquid. 

The means for performing the upstream occlusion test may 
have a valve coupled to a conduit connected upstream of the 
infusion pump for selectively interrupting the flow of the 

25 liquid through the conduit and means for determining whether 
the infusion pump generates an upstream occlusion signal in 
response to an interruption of liquid flow through the conduit. 

The means for performing the downstream occlusion test may 
include a pressure sensor for generating a signal relating to 

30 the pressure of the liquid within a conduit connected 
downstream of the infusion pump and means for determining 
whether the infusion pump generates a downstream occlusion 
signal in response to an interruption of liquid flow through 
the conduit. The means for performing the downstream occlusion 

35 test may also include means for determining whether the liquid 
pressure is within a given range upon the detection a 
downstream occlusion by the infusion pump. 
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These and other features and advantages of the present 
invention will be apparent to those of ordinary skill in the 
art in view of the detailed description of the preferred 
embodiment, which is made with reference to the drawings, a 
brief description of which is provided below. 



Brief Description of the Drawings 
Fig. 1 is a block diagram of a preferred embodiment of an 
infusion pump testing apparatus in accordance with the 
10 invention shown connected to an infusion pump being tested; 

Fig, 2 is a block diagram of one embodiment of an infusion 
pump which can be tested by the testing apparatus; 

Fig. 3 is a flowchart of the operation of the infusion 
pump of Fig. 2; 

15 Fig. 4 is a flowchart of the operation of the pump testing 

apparatus of Fig. 1; 

Figs. 5 and 6 are displays generated during the operation 
of the pump testing apparatus of Fig. 1; 

Fig. 7 is an example of a test routine that may be 
20 selected by a user of the pump testing apparatus; 

Fig. 8 is a flowchart of the volume accuracy test shown 
schematically in Fig. 7; 

Fig. 9 is a flowchart of the upstream occlusion test shown 
schematically in Fig. 7; 
25 Fig. 10 is a flowchart of the downstream occlusion test 

shown schematically in Fig. 7; 

Fig. 11 is a circuit diagram of the test circuit shown 
schematically in Fig. 1; and 

Fig. 12 is a testing record which may be generated by the 
30 pump testing apparatus of Fig. 1. 

Detailed Description of a Preferred Embodiment 
A block diagram of a preferred embodiment of a pump 
testing apparatus 10 in accordance with the invention is shown 
35 in Fig. 1. The testing apparatus 10 includes a pump tester 12 
and a computer 14 for controlling the pump tester 12. 
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An infusion pump 16 to be tested is hydraulically 
connected to the pump tester 12 via an upstream liquid conduit 
18 connected to the pump tester 12 at a connection point 
schematically shown at 20 and a downstream liquid conduit 22 
5 connected to the pump tester 12 at a connection point 
schematically shown at 24. Testing liquid, such as water, is 
supplied to the upstream liquid conduit 18 via a liquid source 
26 hydraulically connected to the pump tester 12 at a 
connection point schematically shown at 28. The downstream 

10 liquid conduit 22 empties into a liquid container schematically 
shown at 30, and liquid may be pumped out of the container 30 
via a liquid disposal conduit 32 which empties into a drain 34. 

The water supply 2 6 is positioned at a height higher than 
that of the pump 16 so that water is provided to the pump 16 

15 via the upstream conduit 18 under the influence of gravity. 
The flow of water into the infusion pump 16 may be interrupted 
by an on/off valve 40 connected to the upstream conduit 18, and 
the flow of water out of the infusion pump 16 may be 
interrupted by an on/off valve 42 connected to the downscream 

20 conduit 22. Water may be removed from the container 30 through 
the disposal conduit 32 via a pump 44. A scale 46, which may 
comprise a strain gauge that generates a signal proportional 
to weight, is provided to weigh the liquid container 3 0 and its 
contents, and a pressure transducer 48 is connected to the 

25 downstream conduit 22. 

The pump tester 12 has an electrical test circuit 50 which 
is connected to a three-wire power line having three conductors 
52a-52c. The test circuit 50 is connected to the infusion pump 
16 via three power conductors 54a-54c and a separate ground 

30 line 56. The pump tester 12 includes a conventional 
microcontroller which is composed of a microprocessor 60, a 
random-access memory (RAM) 62, an electrically programmable 
read-only memory (EPROM) 64, and an I/O circuit 66 which is 
connected to an analog- to-digital (A/D) converter 68. The 

35 components 60-66 of the microcontroller and the A/D converter 
68 are interconnected via an address/data bus 70. 
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The I/O circuit 66 has seven output lines 72-78, one which 
is connected to control the upstream valve 40, four of which 
are connected to the test circuit 50, one of which is connected 
to control the downstream valve 42, and one which is connected 
5 to control the discharge pump 44. The A/D converter 68 has 
four input lines 80-86, two of which are connected to the test 
circuit 50, one of which is connected to the pressure 
transducer 48, and one of which is connected to the scale 46. 
The computer 14, which may be a conventional personal 

10 computer, includes a microprocessor 90, a program memory 92, 
such as disk memory or a ROM, a RAM 94, and an I/O circuit 96, 
all of which are interconnected via an address/data bus 98 . 
The I/O circuit 96 is connected to a keyboard 100 and a visual 
display generator 102, such as a cathode ray tube (CRT) . 

15 The microprocessor 90 of the computer 14 is connected to 

a switch 102 in the pump tester 12 via a serial communications 
line 104, such as an RS-232 communications line, and a switch 
control line 106. The switch 102 is connected to the 
microprocessor 60 of the pump tester 12 via a serial 

20 communications line 108 and to the infusion pump 16 via a 
serial communications line 109. Based on the state of the 
switch control line 106, the computer 14 can communicate with 
either the pump tester 12 via the communications line 108 or 
with the infusion pump 16 via the communications line 109. 

25 The overall operation of the testing apparatus 10 is 

controlled by a computer program stored in the program memory 
92 and executed by the microprocessor 90, as described in 
detail below. However, the testing apparatus 10 could be 
designed so that the computer program is stored in the memory 

3 0 64 and executed by the microprocessor 6 0 of the pump tester 12, 
thereby eliminating the need for the computer 14. Since the 
operation of the testing apparatus 10 is somewhat dependent 
upon the manner in which the infusion pump being tested 
operates, the operation of one type of infusion pump which may 

35 be tested by the testing apparatus 10 is described below. It 
should be appreciated, however, that the testing apparatus 10 
could be used to test infusion pumps having different designs. 
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The Infusion Pump Being Tested 
A block diagram of the infusion pump 16 is illustrated in 
Fig. 2. Referring to Fig. 2, the infusion pump 16 has a keypad 
110 via which a user may input data and commands, a selectively 
5 backlighted, dot matrix display 112 for displaying textual 
messages to the user, a light sensor 114 for detecting the 
level of ambient light, and a pair of light -emitting diodes 
(LED) 116, a green LED for indicating the normal operation of 
the pump 16 and a red LED for indicating an alarm or abnormal 

10 operating condition of the pump 16. 

The infusion pump 16 includes a controller 120 with a 
built-in A/D converter 120a, an EPROM 122 having a built-in I/O 
interface 122a, a RAM 124, a real-time clock 126, all of which 
are interconnected by a communications bus 130. The display 

15 112 has a backlight 132 which is selectively activated by an 
enable signal generated on a line 134 interconnecting the 
controller 120 and the backlight 132. Both the RAM 124 and the 
real-time clock 126 are connected to a battery 136 which 
supplies power to them only in the absence of system power 

20 (generated by a second battery 138) . Since it is always 
powered, the RAM 124 is a non-volatile memory. 

The controller 120 controls an audible alarm generator 140 
via a line 142, the LEDs 116 via a line 144, and an amplifier 
circuit 146 via a line 148. The amplifier circuit 146 is 

25 connected to drive a pump motor 150 connected to a rotary pump 
wheel (not shown) which pumps liquid from the upstream conduit 
18 to the downstream conduit 22. 

During normal operation, the controller 120 sends a 
periodic signal to a watchdog timer 152 via a line 154. If the 

3 0 controller 120 should fail to transmit the periodic signal to 
the watchdog timer 152, which would indicate failure or 
malfunction of the controller 120, the watchdog timer 152 
transmits a signal via a line 160 to cause the alarm 140 to 
sound, transmits a signal via a line 162 to cause the red LED 

35 to be illuminated, and transmits a signal via a line 148 to the 
amplifier circuit 146 to cause the pump motor 150 to stop. 
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The infusion pump 16 has a number of sensors which sense 
various conditions relating to the operation of the pump. 
These sensors include an input pressure sensor 170 for 
generating a signal indicative of the liquid pressure upstream 
5 of the pump 16 and an output pressure sensor 172 for generating 
a signal indicative of the liquid pressure downstream of the 
pump 16 . The input pressure sensor 170 generates an analog 
signal, indicative of the upstream pressure, which is 
transmitted to the A/D converter 120a via a line 174, and the 

10 output pressure sensor 172 generates an analog signal, 
indicative of the downstream pressure, which is transmitted to 
the A/D converter 120a via a line 176. Each of the pressure 
sensors 170, 172, which are used to detect upstream and 
downstream occlusions, may be provided in the form of a strain 

15 gauge or beam (not shown) which is in contact with the exterior 
of the flexible tube (not shown) which passes through the pump 
16 and which fluidly interconnects the conduits 18, 22 and a 
high-gain amplifier (not shown) connected to the strain beam. 
The pressure sensors 170, 172 are connected to and receive 

20 power from a power switch 18 0 which is connected to the battery 
13 8 through a system power switch 182, a voltage regulator 184, 
and a system power line 186. The system power switch 182 
selectively supplies power from the battery 138 to the voltage 
regulator 184 based on the state of a pump on/off switch 190 

25 connected to the system power switch 182 via a line 191. The 
power switch 180 is controlled by the controller 120 via the 
bus 130, the I/O interface 122a, and a line 192 which 
interconnects the I/O interface 122a and the power switch 180. 
The pump 16 has an air- in- line sensor 194, which may be 

30 provided in the form of a conventional piezoelectric 
transmitter and receiver (not shown) coupled to a sensing 
circuit (not shown) , to detect the presence of any significant 
air bubbles in the flexible tube within the pump. The air- in- 
line sensor 194 receives power from a power switch 196 which 

35 is connected to the system power line 186 and controlled by the 
controller 120 via a line 198 connected to the I/O interface 
122a . 
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The pump 16 has a shaft encoder sensor 200 and a Hall- 
effect sensor 202 which receive power from a power switch 204 
coupled to the system power line 186 and controlled by the 
controller 120 via a line 206. The shaft encoder sensor 200, 
5 which is disposed on the shaft of the motor 150, may be a two- 
phase motion sensing encoder which provides two signal outputs 
to the controller 120 . The rotational speed of the motor 150 
and its direction of rotation are determined by the controller 
120 based upon the rate and phase relationship between the two 

10 signal outputs. The Hall-effect sensor 202 is disposed 
adjacent the rotary pump wheel (not shown) and detects magnetic 
encoding on the pump wheel for detecting rotation of the wheel, 
A cassette sensor 208, which is connected to the power 
switch 204, detects the type of cassette which is inserted into 

15 the pump 16. The ambient light sensor 114 is connected to a 
power switch 210 which is controlled by the controller 120 via 
a line 212 from the I/O interface 122a. Signals generated by 
a door-open sensor 214, a bolus infusion request switch 216, 
and the keypad 110 are transmitted to the controller 120 via 

20 the I/O interface 122a. Although not shown in Fig. 2 for 
purposes of simplicity, the controller 120, the EPROM 122, the 
RAM 124 and the display 112 are also connected to and receive 
power from the system power line 186. 

The operation of the infusion pump 16 is controlled by a 

2 5 computer program stored in the EPROM 12 2 and executed by the 

controller 120. A flowchart of the overall operation is 
illustrated in Fig. 3. 

The infusion pump 16 has five basic modes of infusion: 
1) a continuous mode in which the pump delivers a single volume 

3 0 at a single rate; 2) an auto-ramp mode in which the pump 

delivers liquid at a rate that gradually increases to a 
threshold rate, stays constant at the threshold rate, and then 
gradually decreases; 3) an intermittent mode in which the pump 
delivers discrete liquid volumes spaced over relatively long 
35 periods of time, such as a liquid volume every three hours; 
4) a custom mode in which the pump can be programmed to deliver 
a unique infusion rate during each of 25 different time 
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periods; and 5) a pain- control led analgesic (PCA) mode during 
which the pump will periodically infuse boluses of analgesic 
in response to periodic requests by the patient, which requests 
are made via the bolus -request key 216. 
5 Referring to Fig. 3, at step 220, the pump 16 generates 

on the display 112 the prompt "Continuous?" to the user. If 
the user desires to use the pump in its continuous mode, the 
user answers "yes" via the keypad 110, and the program branches 
to step 222 at which the continuous mode is programmed by the 

10 user by entering a number of infusion parameters, such as the 
desired infusion rate and the volume to be infused. At step 
220, if the user does not want to use the continuous mode, the 
user answers "No," and the program branches to step 224. Steps 
224-238 are generally the same as steps 220 and 222, except 

15 that the user may be prompted for different infusion 
parameters, depending on which of the five possible infusion 
modes is selected . 

After the completion of one of the steps 222, 226, 230, 
234, or 238, the program branches to step 240, at which point 

20 the infusion rate and the volume to be infused which were 
entered during one of the programming steps 222, 226, 230, 234, 
238, are shown on the display 112. Then the program waits at 
step 242 until the "Run" key of the keypad 110 is pressed, at 
which point the program branches to step 244 where the pump 16 

25 pumps liquid from the upstream conduit 18 to the downstream 
conduit 22 in accordance with the infusion mode selected at one 
of steps 220, 224, 228, 232, 236 and the infusion parameters 
entered at one of steps 222, 226, 230, 234, 238. If during the 
infusion an alarm is detected at step 246, such as an upstream 

3 0 occlusion alarm or a downstream occlusion alarm, the program 
branches to step 24 8 where an alarm message is displayed on the 
display 112. When the infusion is complete, as determined at 
step 250, the program branches back to step 220. 

3 5 Operation of Pump Testing Apparatus 

A flowchart of a main operating routine 26 0 of a computer 
program which is executed by the microprocessor 90 of the 
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computer 14 to control the operation of the pump testing 
apparatus 10 is illustrated in Fig. 4. Referring to Fig. 4, 
at step 262 a main menu 264 is displayed on the display device 
102 of the computer 14. Referring to Fig. 5, the main menu 264 
5 allows the user to select various types of test routines by 
touching one of a number of selection areas 266-272, to change 
or check test parameters by touching a selection area 274, to 
calibrate the testing apparatus 10 by touching a selection area 
276, to select a tubing type by touching a selection area 278, 

10 and to select a pump type by touching a selection area 280. 

Referring to Fig. 4, at step 282 the user selects a pump 
type, and at step 284 the user selects a tubing type. The 
testing apparatus 10 may be capable of testing a number of 
various types of infusion pumps having upstream and downstream 

15 tubing portions with different physical characteristics. At 
step 286, the user selects a number of test parameters via a 
menu display 288 shown in Fig. 6. 

Referring to Fig. 6, the testing apparatus 10 stores one 
set of test parameters for each of the infusion pumps which it 

2 0 is capable of testing. The test parameters for one pump type 
are shown in a display area 290 to include a flow rate of 900 
ml/hr and a volume of 15 ml for a volume accuracy test 
(described below) and a flow rate of 300 ml/hr and a volume of 
90 ml for a number of occlusion tests (described below) . The 

25 display area 290 may be initially provided with default test 
parameters, which can be subsequently changed by the user. A 
second set of test parameters is shown in a display area 2 92 
for a second type of pump . 

Referring back to Fig. 4, if the user wishes to calibrate 

30 the testing apparatus 10 (by touching the selection area 276 
of Fig. 5) as determined at step 2 94, the program branches to 
step 296 where the testing apparatus 10 is calibrated. The 
calibration procedure, which can be performed in any number of 
conventional ways, may include placing a calibration element 

35 having a known weight (e.g. 10.0 mg) in the container 30 and 
comparing the known calibration weight with the weight 
determined by the testing apparatus 10 (based upon the 
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difference between an initial weight reading when the container 
30 is empty and a final weight reading when the calibration 
element is in the container 30) . The liquid pressure 
determined by the pump tester 12 can be calibrated by, for 
5 example, providing a known liquid pressure at the downstream 
conduit 22 and comparing that known pressure with the pressure 
detected by the pump tester 12 via the pressure transducer 48. 

At step 298, the user selects one of a number of test 
routines by touching one of the selection areas 266-272 of Fig. 

10 5, and at step 300 the test routine selected by the user is 
performed. The test routines may include a comprehensive test 
routine that runs all tests which the testing apparatus 10 can 
perform, a selected test routine that runs a number of specific 
tests selected by the user, and an individual test routine that 

15 runs a single test selected by the user. The user may also run 
a "Without Remote Control" test which is performed on an 
infusion pump that requires manual operator intervention to 
perform the test . 

It should be appreciated that the main menu 264 of Fig. 

20 5 allows the user to select the various options in any order 
by touching the selection areas 266-280. The flowchart of Fig. 
4 illustrates one example of the order in which the selection 
areas 266-280 would be selected by a user where the testing 
apparatus 10 would be set up (at steps 282-286 of Fig. 4) to 

25 sequentially test (at steps 298-300 of Fig. 4) a number of 
infusion pumps of the same type and having the same tubing 
characteristics . 



Comprehensive Test 

3 0 Fig. 7 is a flowchart of a comprehensive test routine 3 04 

during which a number of different types of tests are performed 
on the infusion pump 16, including a volume accuracy test which 
is run at step 310, an upstream occlusion test which is run at 
step 320, a downstream occlusion test which is run at step 330, 

3 5 a leakage current test which is run at step 34 0, and a ground 
resistance test which is run at step 350 . Other tests could 
also be performed in addition to the above tests, such as a 
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test of the air-in-line sensor 194, a test of the door-open 
sensor 214, and a test of the bolus - request switch 216. 

Volume Accuracy Test 
5 Fig. 8 is a flowchart of the volume accuracy test shown 

schematically as step 310 in Fig. 7. The volume accuracy test 
is performed to determine whether the infusion pump 16 delivers 
the precise liquid volume which it is programmed to deliver. 

Referring to Fig. 8, at step 360 the test parameters for 
10 the type of infusion pump 16 being tested (the test parameters 
were selected by the user at step 286 of Fig. 4) are retrieved 
from memory. For the volume accuracy test, the two test 
parameters that are used are the flow rate and volume specified 
in the upper half of one of the display portions 290, 292 of 
15 Fig. 6. 

At step 3 62, the infusion pump 16 is programmed by the 
computer 14. As described above, during normal use the 
infusion pump 16 is manually programmed by a user via the 
keypad 110, by selecting the infusion mode, then entering the 

20 desired infusion rate and the infusion volume. During step 
362, the infusion pump 16 is programmed automatically by the 
computer 14, by transmitting three electronic programming 
commands to the infusion pump via the serial communications 
lines 104, 109. The first electronic programming command 

25 specifies the continuous infusion mode (i.e. answers "yes" at 
step 220 of Fig. 3); the second electronic command specifies 
the flow rate; and the third electronic command specifies the 
volume to be infused by the infusion pump 16. These electronic 
programming commands emulate the electronic signals that would 

3 0 be generated by the keypad 110 if the user had manually pressed 
it in that the electronic commands generated by the computer 
14 include the identical signals that would have been generated 
by the keypad 110. 

The computer 14 knows when to transmit each of these 

3 5 electronic commands to the infusion pump 16 because it can read 
the display 112 of the infusion pump 16. In particular, upon 
request by the computer 14, the infusion pump 16 transmits to 
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the computer 14, via the communications lines 104, 109, a 
sequence of electronic signals, each of which represents a 
single character currently generated on the display 112. Thus, 
by continually requesting that the infusion pump 16 transmit 
5 the contents of its display 112 via the lines 109, 104, the 
computer 14 can detect when the display is "Continuous?" (at 
step 220 of Fig. 3), in which case the computer 14 transmits 
the electronic command "Y" (meaning yes) to the infusion pump 
16 via the communications lines 104, 109. 

10 Because of the ability of the computer 14 to send 

electronic commands to the infusion pump 16 which emulate the 
electronic signals that would have been generated by the keypad 
110, it is unnecessary for the infusion pump 16 to be manually 
programmed during the testing procedure. 

15 At step 364, the computer 14 sends a request to the pump 

tester 12 via the communications lines 104, 108 to open the 
downstream valve 42 (which is accomplished via the valve 
control line 76) . At step 366, the computer 14 sends a request 
to the pump tester 12 to take an initial weight reading (via 

20 the scale 46) of the container 30 prior to the infusion of any 
liquid into the container 30 by the infusion pump 16. 

At step 368, after the computer 14 detects that the 
infusion pump display 112 has displayed the rate and volume 
automatically programmed at step 362, the computer 14 transmits 

25 an electronic command to the infusion pump 16, via the 
communications lines 104, 10 9, that emulates the "Run" key 
(which would be manually pressed by a user at step 242 of Fig. 
3 during normal operation of the pump 16) . Upon receipt of the 
electronic "Run" command from the computer 14, the infusion 

30 pump 16 begins to infuse the volume and flow rate programmed 
at step 362. 

When the infusion is complete as determined at step 370, 
the program branches to step 3 72 where the computer 14, via the 
communications lines 104, 108, requests that the pump tester 
35 12 take a final weight reading of the container 3 0 and the 
liquid infused into it by the pump 16. At step 374, the 
computer 14 determines the liquid volume actually delivered by 
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the infusion pump 16 by subtracting the initial weight reading 
from the final weight reading, and multiplying the difference 
by a scale factor (if necessary) to convert the liquid weight 
to a liquid volume (based on the specific gravity of the liquid 
5 used) . 

At step 3 76, the actual liquid volume infused by the pump 
16 is compared with the liquid volume programmed at step 362. 
If the actual volume is within a predetermined range of the 
programmed volume, such as within 5% of the programmed volume, 
10 then the program branches to step 378 where the computer 14 
records in memory that the pump 16 passed the volume accuracy 
test. If the actual volume is not within the predetermined 
range, the program branches to step 3 80 where the computer 14 
records that the pump failed the test. 

15 

Upstream Occlusion Test 
Fig. 9 is a flowchart of the upstream occlusion test shown 
schematically as step 320 in Fig. 7. The upstream occlusion 
test is performed to check whether the input pressure sensor 
20 170 is properly functioning. 

Referring to Fig. 9, at step 3 90 the test parameters for 
the type of infusion pump 16 being tested (the test parameters 
were selected by the user at step 286 of Fig. 4) are retrieved 
from memory. For the upstream occlusion test, the two test 
25 parameters that are used are the flow rate and volume specified 
in the lower half of the display portions 290, 292 of Fig. 6. 

At step 392, the computer 14 automatically programs the 
infusion pump 16 by sending electronic commands specifying the 
continuous infusion mode and the infusion rate and volume 
30 retrieved at step 3 90, as described above. At step 3 94, the 
computer 14 sends a request to the pump tester 12 via the 
communications lines 104, 108 to open the upstream valve 40 
(which is accomplished via the valve control line 72), and at 
step 3 96, the computer 14 sends a request to the pump tester 
35 12 to open the downstream valve 42. 

At step 398, after the computer 14 detects that the 
infusion pump display 112 has displayed the rate and volume 
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automatically programmed at step 392, the computer 14 transmits 
an electronic "Run" command to the infusion pump 16, which 
causes the infusion pump 16 to begin to infuse the volume and 
flow rate programmed at step 392. 
5 At step 4 00, after a predetermined delay, e.g. one minute, 

the program branches to step 4 02 where the computer 14 sends 
a request to the pump tester 12 to close the upstream valve 40. 
Steps 404 and 406 are repeated until either: 1) the computer 
14 detects (by reading the infusion pump display 112) that the 

10 infusion pump 16 has generated an upstream occlusion alarm (due 
to the inlet pressure sensor 170 detecting a low inlet 
pressure); or 2) a predetermined period, e.g. two minutes, 
elapses without the detection of an upstream occlusion alarm. 

In case 1) , the program branches to step 408 where the 

15 computer 14 records in memory that the pump 16 passed the 
upstream-occlusion test. If an upstream occlusion alarm was 
not detected within the predetermined time limit, the program 
branches to step 410 where the computer 14 records that the 
pump failed the test. 

20 

Downstream Occlusion Test 
Fig. 10 is a flowchart of the downstream occlusion test 
shown schematically as step 33 0 in Fig. 7. The downstream 
occlusion test is performed to check whether the output 
25 pressure sensor 172 is functioning and whether it is triggered 
within an acceptable range of pressures. 

Referring to Fig. 10, steps 420 and 422 are identical to 
steps 390 and 392 described above. At step 424, the computer 
14 sends a request to the pump tester 12 via the communications 
30 lines 104, 108 to take an initial pressure reading via the 
pressure transducer 48, and step 426, the computer 14 sends a 
request to the pump tester 12 to open the downstream valve 42. 

At step 428, after the computer 14 detects that the 
infusion pump display 112 has displayed the rate and volume 
35 automatically programmed at step 422, the computer 14 transmits 
an electronic "Run" command to the infusion pump 16, which 
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causes the infusion pump 16 to begin to infuse the volume and 
flow rate programmed at step 422 . 

At step 430, after a predetermined delay, e.g. one minute, 
the program branches to step 4 32 where the computer 14 sends 
5 a request to the pump tester 12 to close the downstream valve 
42. Steps 434 and 436 are analogous to steps 404 and 406 
described above. If the computer 14 does not detect that the 
infusion pump 16 generated a downstream occlusion alarm on its 
display 112 within a predetermined period of time, the program 
10 branches to step 438 where the computer 14 records in memory 
that the pump 16 failed to generate a downstream occlusion 
alarm . 

At step 434, upon the detection that the infusxon pump 16 
generated a downstream occlusion alarm within the time limit, 

15 the program branches to step 440 where the computer 14 sends 
a request to the pump tester 12 to take a final pressure 
reading from the pressure transducer 48. At step 442, the 
computer 14 determines the difference between the two pressure 
readings and then at step 444 determines whether that 

20 difference is within a predetermined range. If the difference 
is in range, the program branches to step 446 where the 
computer 14 records that the pump passed the test. Otherwise, 
the program branches to step 44 8 where the computer 14 records 
that the pump 16 failed the test since the pressure at which 

25 the downstream occlusion alarm was generated was not within a 
range of acceptable pressures (the acceptable pressure range 
may depend on whether the infusion pump 16 is used for venous 
infusion, e.g. 8 +/- 5 psi, or arterial infusion, e.g. 20 +/- 
5 psi) . 

30 

Electrical Tests 
Fig. 11 illustrates a circuit diagram of the electrical 
test circuit 50 schematically shown in Fig. 1. Referring to 
Fig. 11, the test circuit 50 includes a double pole, double 
3 5 throw switch 500 connected between the high and low power lines 
52a, 52b, 54a, 54b. The switch 500 is shown in its normally 
deenergized state. When energized via the control line 74a, 
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the switch 500 reverses the polarity on the power lines 54a, 
54b by connecting the line 52a to the line 54b and the line 52b 
to the line 54a. 

The test circuit 50 has a switch 502 shown in its normally 
5 deenergized state which connects the ground line 52c to the 
ground line 54c connected to the infusion pump 16. The circuit 
50 has a switch 504 shown in its normally deenergized state 
which, when energized, connects the ground line 52c to the 
ground line 54c through an impedance circuit (which may consist 

10 of a conventional bridge circuit having two legs with a 
resistor in each leg and a third leg having a resistor and a 
capacitor) schematically shown at 506. A voltage rectifier 
(VR) 508, which is connected to the junction of the switch 504 
and the impedance circuit 506, generates a rectified voltage 

15 signal which is transmitted to the A/D converter 68 via the 
line 86. 

The test circuit 50 has a switch 510 shown in its normally 
deenergized state which, when energized, connects the ground 
line 52c to the separate ground line 56. A constant current 

20 source 512 is connected between the line 52c and the switch 
510, and the line 84 to the A/D converter 68 is connected to 
the junction of the current source 512 and the switch 510. 

When the leakage current test is run at step 340 of Fig. 
7, with the switch 500 in its position shown in Fig. 11, the 

25 switch 502 is opened and the switch 504 is closed {the switch 
510 remains open) so that any leakage current that passes from 
the infusion pump via the ground line 54c generates an AC 
voltage across the impedance 506, which voltage is rectified 
by the rectifier 508. The magnitude of the voltage, and thus 

3 0 the leakage current, is measured by the A/D converter 68. 
Then, the switch 500 is switched (the other switches are not 
changed) , and the leakage current is again measured by 
detecting the magnitude of the voltage on the line 86 . The 
larger of the two voltages measured by the A/D converter 6 8 may 

3 5 be compared against a voltage threshold to determine whether 
the leakage current level is acceptable. If the leakage 
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current is below an acceptable level, the computer 14 records 
that the infusion pump 16 passed the leakage current test. 

The ground resistance of the infusion pump 16 is the 
resistance between the ground line 54c of the power cord and 
5 the separate ground line 56. Prior to running the ground 
resistance test, the pump tester 12 may be calibrated based on 
a known ground resistance. When the ground resistance test is 
run at step 350 of Fig. 7, the switches 502 and 510 are closed 
and the switch 504 is opened, and the constant current source 

10 512 supplies a known current to the infusion pump 16 via the 
ground line 56. Any resistance between the power ground line 
54c and the ground line 56 causes a voltage to be generated on 
the line 84, which is measured by the A/D converter 68. If the 
ground resistance is below an acceptable level, the computer 

15 14 records that the infusion pump 16 passed the ground 
resistance test. 

The electrical tests, and the other tests described above, 
may not be applicable to all infusion pumps which may be tested 
by the testing apparatus 10. For example, where the testing 

20 apparatus 10 is capable of testing two different types of 
infusion pumps, some tests may not be capable of being 
performed on both types of pumps. 

Pump Recertif ication Record 

25 Based on the results of the tests performed on the 

infusion pump 16, the computer 14 may generate a written record 
of the test results. One example of such a written record is 
illustrated in Fig. 12. 

Modifications and alternative embodiments of the invention 

30 will be apparent to those skilled in the art in view of the 
foregoing description. This description is to be construed as 
illustrative only, and is for the purpose of teaching those 
skilled in the art the best mode of carrying out the invention. 
The details of the structure and method may be varied 

35 substantially without departing from the spirit of the 
invention, and the exclusive use of all modifications which 
come within the scope of the appended claims is reserved. 
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WHAT IS CLAIMED IS: 

1. An apparatus for automatically testing an infusion 
pump (16) , said apparatus being characterized in having a pump 
5 tester (12) adapted to be coupled to an infusion pump (16) for 
performing a plurality of tests on said infusion pump (16), 
said pump tester (12) including means (310, 320, 330, 340 or 
350) for performing a first type of test on said infusion pump 
(16) and means (310, 320, 330, 340 or 350) for performing a 
10 second type of test on said infusion pump (16) , said apparatus 
further being characterized in having means for automatically 
causing said infusion pump (16) to undergo an operation 
sequence in which said infusion pump (16) pumps liquid during 
the performance of at least one of said tests. 

15 

2 . An apparatus as defined in claim 1 wherein said pump 
tester (12) comprises: 

means (3 0, 46, 310) for performing a volume accuracy test 
on said infusion pump (16) ; 
20 means (22, 42, 320, 404) for performing an upstream 

occlusion test on said infusion pump (16); and 

means (22, 48, 33 0, 434) for performing a downstream 
occlusion test on said infusion pump (16) . 

25 3 . An apparatus as defined in claim 2 wherein said means 

for performing said volume accuracy test comprises: 

a liquid container (30) into which a quantity of liquid 
is pumped during said operation sequence of said infusion pump 
(16) ; and 

3 0 means (46) for determining the volume of said quantity of 

liquid . 

4. An apparatus as defined in claim 2 wherein said pump 
tester (12) has a conduit (22) adapted to receive liquid from 
35 said infusion pump (16) and wherein said means for performing 
said downstream occlusion test comprises: 
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a pressure sensor (48) for generating a signal relating 
to the pressure of said liquid within said conduit (22) ; and 

means (434) for determining whether said infusion pump 
(16) generates a downstream occlusion signal in response to an 
5 interruption of liquid flow through said conduit (22) . 

5 . An apparatus as defined in claim 4 wherein said means 
for performing said downstream occlusion test additionally 
comprises means (444) for determining whether said liquid 

10 pressure is within a given range upon the detection a 
downstream occlusion by said infusion pump (16) . 

6 . An apparatus as defined in claim 2 wherein said pump 
tester (12) has a conduit (22) adapted to provide liquid to 

15 said infusion pump (16) from a liquid source and wherein said 
means for performing said upstream occlusion test comprises: 

a valve (42) coupled to said conduit (22) for selectively 
interrupting the flow of said liquid through said conduit (22) ; 
and 

20 means (404) for determining whether said infusion pump 

(16) generates an upstream occlusion signal in response to an 
interruption of liquid flow through said conduit (22) . 

7. An apparatus as defined in claim 1 wherein said pump 
25 tester (12) comprises: 

means (340) for performing a first type of electrical test 
on said infusion pump (16); and 

means (350) for performing a second type of electrical 
test on said infusion pump (16) . 

30 

8 . An apparatus as defined in claim 1 wherein said pump 
tester (12) has a conduit (22) adapted to receive liquid from 
said infusion pump (16) , said pump tester (12) comprising: 

a liquid container (30) into which a quantity of liquid 
35 is pumped during said operation sequence of said infusion pump 
(16) ; 
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means (46) for determining the volume of said quantity of 
liquid; 

a pressure sensor (48) for generating a signal relating 
to the pressure of said liquid within said conduit (22) ; and 
5 a valve (42) coupled to said conduit (22) for selectively 

interrupting the flow of said liquid through said conduit (22) . 

9. An apparatus as defined in claim 1 wherein said 
operation sequence of said infusion pump (16) is controlled by 

10 an infusion pump input device (110) which is capable of 
generating a plurality of electronic signals in response to 
manual activation of said input device (110) by a user and 
wherein said means for automatically causing said infusion pump 
(16) to undergo said operation sequence comprises: 

15 means for generating a plurality of testing commands, each 

of said testing commands emulating one of said electronic 
signals which said infusion pump input device (110) is capable 
of generating; and 

means for transmitting said testing commands to said 

2 0 infusion pump (16) . 
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